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METHOD FOR OPERATING A TRANSPORT
SYSTEM AND CORRESPONDING
TRANSPORT SYSTEM

FIELD

The invention relates to a method for operating a transport
system, which has a large number of transport means. The
invention further relates to a corresponding transport sys-
tem.

BACKGROUND

For some time, 1t has been observed that the constraints
for mobility are changing dramatically and quickly. This
applies, 1n particular, to urban mobility, that 1s, to mobility
relating to cities. This change results, for example, from lack
of space, which leads particularly to traflic jams, as well as
from emissions of conventional vehicles, which are usually
operated with combustibles or fuels. Even today, conven-
tional motor vehicles are no longer permitted to drive or at
least only permaitted to drive with restrictions 1n some urban
areas. In order to adjust to this change in mobility, new
concepts are required, which, 1n particular, make possible an
individual and seamless mobility.

SUMMARY

Therefore, the object of the invention i1s to propose a
method for operating a transport system, which, in compari-
son to known methods, has advantages and, in particular,
makes possible such an individual and seamless mobaility for
the load, particularly for a load of any kind.

This 1s achieved according to the invention with a method
for operating a transport system. The transport system has a
large number of particularly emission-iree transport means
that can move 1independently of one another and are
assembled into a total set of transport means. When a
transport means request arrives at a central control unit, a
number of transport means that, depending on a load to be
transported, 1s sullicient to carry out the transport as well as

one associated transport starting location or a plurality of

associated transport starting locations 1s/are determined and
a number of transport means that corresponds to the number
of transport means 1s selected from the total set of transport
means, assigned to a subset of transport means, and autono-
mously conveyed to the transport starting location or loca-
tions, wherein, after the transport starting location or loca-
tions has/have been reached, the transport of the load to one
or a plurality of transport destination locations 1s carried out
and, after the transport destination location or locations
has/have been reached by the one or more transport means,
the subset of transport means 1s cancelled.

The transport system serves for the transport of the load.
The load can tfundamentally be of any kind and 1s governed
by the requirements placed on the transport system. For
example, the load 1s present in the form of a transported
cargo and/or of at least one living being, wherein the latter
1s understood to mean at least one person and/or at least one

ammal. If the transport system serves for the transporting of

the transported cargo for a fee, then the transported cargo

can also be referred to as freight. The transported cargo 1itself

or the freight can likewise be present in any form—{ior
example, as containerized cargo, liquid cargo, grab-handled
cargo, bulk goods, suction cargo, bulk material, or piece
g00ds.
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The transport system or the transport means 1s adapted or
at least can be adapted to the load or to the transported cargo.
In the case of containerized cargo, this means, for example,
that the transport means 1s designed for the transporting of
a container that recerves the containerized cargo. If the load
1s present 1n the form of the at least one living being, then
the transport system or the transport means has, for example,
a corresponding transport compartment or can be expanded
by such a transport compartment. The transport compart-
ment 1s present, for example, in the form of a passenger
compartment. Alternatively to the preferably closed trans-
port compartment, 1t 15 obviously possible to provide an
open conveyance space, that 1s, for example, a seating space.
In the latter case, a seat 1s preferably associated with the
transport means or 1s joined to 1it.

The transport system comprises the large number of
transport means. The transport means can fundamentally
differ from one another or can be constructed identically at
least 1 part or in whole. Each of the transport means can be
moved 1independently of any other of the transport means.
This means preferably that each of the transport means can
be operated completely autonomously; that 1s, for example,
it travels or can travel autonomously and automatically, for
example, to the transport starting location and/or the trans-
port destination location that 1s/are assigned to 1t. For this
purpose, the transport means are correspondingly designed;
that 1s, they have, for example, means for implementing an
autonomous or independent driving operation. These means
can comprise, 1n particular, a navigation device, a route
determination device, an environment recognition device, or
the equivalent.

The transport means are preferably emission-iree; that 1s,
they produce no or nearly no exhaust during their operation.
This 1s, for example, ensured by way of a purely electric
drive of the transport means. Preferably, each of the trans-
port means 1s equipped with at least one electrical machine
for 1ts drive as well as with a corresponding energy storage
unit for the electrical energy needed for operating the drive.
Additional requirements that are placed on the one or more
transport means can ensue from safety regulations that may
need to be observed where the operation 1s conducted, in
particular, 1n the case that the transport means are to be
capable of operation in the public area, preferably on public
roads.

It 1s then provided that the transport means of the transport
system are assembled into the total set of transport means.
In this case, the total set of transport means 1s a logical
assembly of all transport means of the transport system,
regardless of where they are currently located. The transport
means included 1n the total set of transport means can each
be present, at least independently of one another, at diflerent
locations, at least 1n part at at least one location or at a
plurality of locations or all can be at the same location, for
example, at a common starting location. In any case, how-
ever, the transport means represent a part of the total set of
transport means, even when they are distributed over a wide
area.

I transport means request arrives at the central control
unit, a request that, for example, 1s triggered by an operator
and/or by an assistance device, then the subset of transport
means 1s assembled, namely, from transport means that are
included in the total set of transport means. The set of
transport means 1s assembled 1n that, initially, the load that
1s to be transported 1s evaluated or analyzed and the number
of transport means that 1s suflicient for carrying out the
transport of the load 1s determined. From the total set of
transport means, a number of transport means that corre-
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sponds to the transport means number 1s then chosen and
assigned to the subset of transport means.

Preferably, during the selection or assignment, operating
parameters or state parameters of the transport means are
taken 1nto consideration, 1n particular a current location of
the transport means, an available range of travel, and the
like. A suitability of the respective transport means for the
transporting of the load can also be evaluated. For this
purpose, for example, at least one loading parameter, such as
the type of load or the kind of load, the weight of the load,
and/or an existing transport device for the load, that 1s, for
example, the transport compartment or the equivalent, 1s/are
taken 1nto consideration.

More preferably, an availability of the transport means or
ol the respective transport means 1s taken into consideration
This means that transport means already assigned to another
transport means subset are not selected and assigned to the
subset of transport means, because they are not available at
the time. Conversely, this means that the transport means
assigned to the subset of transport means are identified as not
being available and are not assigned to any other subset of
transport means as long as this 1s the case, that is, as long as
they are assigned to this subset of transport. Only when or
after the subset of transport means 1s cancelled are the
transport means that have been included thus far in the
subset ol transport means once again identified as being
available and can correspondingly be assigned to the other
subset of transport means.

Preferably, the central control unit receives, together with
the transport means request, the information about the load
that 1s to be transported and/or characteristic parameters of
the load, that 1s, for example, the kind or the type, the
volume, the weight or the mass, the number of persons, or
the like. From this data, the central control unit can deter-
mine the number of transport means that 1s suflicient for
carrying out the transport and can select the suitable trans-
port means.

Additionally to the number of transport means, the trans-
port starting location or the plurality of transport starting,
locations 1s/are determined. For example, the transport start-
ing locations correspond here to all of the transport means
assigned to the subset of transport means. However, 1t can
also be provided that, for some of the transport means
included in the subset of transport means or for all of these
transport means, there are diflerent transport starting loca-
tions. The transport starting location and/or the transport
starting locations 1s/are preferably also parts of the transport
means request or i1s/are transmitted together with 1t to the
central control unit. The transport starting location or loca-
tions 1s/are predetermined 1n thus way, for example, by the
operator and/or the assistance device.

Following the assignment of the transport means to the
subset of transport means, the transport means are autono-
mously conveyed to their respective transport starting loca-
tion. The transport starting location pertinent to each trans-
port means 1s thus transmitted to the transport means, after
which the transport means autonomously heads toward its
transport starting location. In this way, 1t may happen that
the transport means are 1nitially present at completely dif-
ferent locations and are subsequently conveyed to the same
transport starting location or to different transport starting,
locations.

The conveyance 1s made autonomously, that 1s, without
the influence of the operator and/or of the assistance device
that has triggered the transport means request.

Instead, preferably, each of the transport means itself
takes on its route planning, which leads 1t from 1ts current
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location to the transport starting location. However, the route
planning can also be taken on by the central control unit and,
for example, can be transmitted to the respective transport
means before the conveyance begins or when the convey-
ance begins. Fach of the transport means 1s equipped for a
completely autonomous transport operation or driving
operation. In particular, in this regard, each of the transport
means 1s equipped with a corresponding sensor device, in
particular an environmental recognition device, which pret-
erably has at least one environmental sensor or the equiva-
lent.

If the transport means present in the subset of transport
means have arrived at their respective transport starting
location, then the load that 1s to be transported 1s picked up
and the transport of the load to the transport destination
location or to the plurality of transport starting locations 1s
carried out. It 1s thereby provided, for example, that a
plurality of transport means jointly transport the load to a
common transport destination location. However, it can also
be provided that, independently of one another, the transport
means each pick up, at diflerent transport starting locations,
a part ol the load and transport 1t to different transport
destination locations or to the same transport destination
location. Any variations can obviously also be realized.
However, 1t 1s always important that the transport means are
assigned to the subset of transport means, that is, are
assigned logically to one another, 1n particular 1n the central
control unit or 1n a memory unit of the central control unait.

After the transport destination location or locations has/
have been reached by the one or more transport means, the
load 1s preferably deposited and, subsequently, the subset of
transport means 1s cancelled. This means that, ultimately, the
transport means included thus far 1n the subset of transport
means are identified once again as being available, so that
they can be assigned once again by the central control unit
to a subset of transport means. The identification of the
transport means as being available occurs, 1n turn, preferably
in the central control unit or 1n the memory unit thereof, so
that the availability of the individual transport means can be
accessed centrally and checked as needed.

An approach of this kind makes possible an extremely
flexible operation of the transport system, in particular the
individual and seamless mobility already mentioned above.
This 1s due, 1n particular, to the modularity of the transport
system, the transport means of which can be assembled 1n
any way and employed for the transport of the load. For
example, 1t 1s therefore provided that a plurality of transport
means are assigned to the subset of transport means and
conveyed from the same starting location or from different
starting locations to the same transport starting location. At
this transport starting location, the transport means jointly
pick up the load and also transport 1t jointly to the transport
destination location. At this transport destination location,
the load 1s deposited and the subset of transport means 1s
cancelled once again. In this way, when a transport means
request arrives at the central control unit, the number of
transport means that 1s sutlicient for carrying out the trans-
port 1s always determined and this number of transport
means 1s conveyed to the transport starting location or
locations.

Provided that, in the scope of this description, the trans-
port starting location or locations or the transport destination
location or locations 1s/are addressed, preferably only
exactly one transport starting location and/or only exactly
one transport destination location 1s meant. However, an
approach 1s also basically included in which the transport
means are conveyed to a plurality of different transport
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starting locations and subsequently are translocated to a
common transport destination location or in which the
transport means are conveyed to a common transport start-
ing location and subsequently conveyed to different trans-
port destination locations. It can also be provided that the
transport means are nitially conveyed to diflerent transport
starting locations and subsequently to different transport
destination locations.

The transport system finds use, for example, at an airport
or in retail trade, 1n particular in a retail store or 1 a
shopping center with a number of retail shops. When the
transport system 1s used at an airport, it can be set up, for
example, for the transportation of luggage and/or persons.
More preferably, the luggage 1s conveyed by means of at
least one transport means and an owner of the luggage is
conveyed by at least one additional transport means, respec-
tively, from a transport starting location to a transport
destination location. The transport means and the additional
transport means are therefore assigned to the same subset of
transport means. Preferably, the same transport starting
location or at least the same transport destination location 1s
assigned to the transport means and to the additional trans-
port means.

For example, the transport means serve for picking up
luggage and 1ts owner at a common transport starting
location, for example, at a parking space. After the luggage
and 1ts owner have been picked up, they are transported
usually via paths that are separate, at least 1n part, to separate
transport destination locations, 1n particular to a luggage
handling system for the luggage and to a passenger process-
ing system for the owner.

If the transport system 1s designed for the retail trade, then
it preferably serves for the transport of purchases that a user
of the transport system has acquired. For this purpose, a
transport means or a plurality of transport means can find
use.

In the scope of another embodiment of the invention, 1t 1s
provided that the transport means request specifies the load
to be transported, the transport starting location or locations,
as well as the transport destination location or locations.
Reference to this has already been made above. In order for
the central control unit to be able to determine the suflicient
or necessary number of transport means, the load that 1s to
be transported has to be specified. For this purpose, for
example, together with the transport means request, the
corresponding data are transmitted. This applies analogously
to the transport starting location or locations as well as to the
transport destination location or locations.

A preferred enhancement of the invention provides that
the transport means for the subset of transport means are
selected on the basis of a quantity of energy that 1s needed
tor reaching the transport starting location or locations or the
transport destination location or locations and/or are selected
on the basis of a respectively remaining residual quantity of
energy of the transport means. In this way, the transport
means are thus only assigned to the subset of transport
means when the quantity of energy that 1s needed for
reaching first the transport starting location and subse-
quently the transport destination location 1s less than the
remaining residual quantity of energy of the respective
transport means.

The residual quantity of energy defines the remaining
range of travel of the one ore more transport means, that 1s,
the distance that can still be traversed by this one or more
transport means. In the determination of the needed quantity
of energy, 1t 1s possible to draw upon, for example, a
topology of the distance to be traveled between the transport
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starting location and the transport destination location, that
1s, for example, upgrades and/or downgrades along this
distance. The current traflic situation can also enter into the
determination of the needed quantity of energy. The residual
quantity of energy after arrival of the transport means at the
transport destination location can fundamentally be equal to
or at least nearly zero. In this case, 1t 1s preferably provided
for the transport means to be re-charged directly at the
transport destination location or picked up from the transport
destination location.

An enhancement of the mvention provides that, in the
selection of the transport means, additionally a distance of
the transport destination location or locations from a main-
tenance device and/or charging device for the transport
means 1s taken into consideration. The transport system
comprises the at least one maintenance device and/or charg-
ing device. At said device, maintenance work, for example,
necessary repairs, can be carried out on the transport means.
Additionally or alternatively, it can be provided that the
energy storage unit of the transport means 1s re-charged. In
this case, electrical energy for re-charging the energy storage
unit 1s supplied at the maintenance device and/or charging
device.

In the selection of the transport means, 1t 1s then addi-
tionally taken into consideration whether, after their arrival
at the transport destination location, that 1s, after the trans-
port has been carried out, they still have available a residual
quantity of energy that 1s then sufliciently large to drive
successiully toward the maintenance device and/or charging
device, that 1s, to reach them. Only when this 1s the case 1s
the transport means assigned to the subset of transport
means. Otherwise, another transport means 1s selected from
the total set of transport means and assigned to the subset of
transport means.

Alternatively or additionally, 1t 1s possible to take into
consideration the energy state of the subset of transport
means. In this way, 1t 1s conceivable that the individual
transport means each have available residual energy quan-
tities that differ from one another. Therefore, in the case that
the transport means each do not have available a residual
energy quantity that 1s suflicient to carry out the planned
transport, but the total residual energy quantity of all trans-
port means, that 1s, the residual energy quantity of the subset
of transport means, 1s suilicient, then the transport means are
capable of exchanging energy among one another. Thus, 1t
1s possible, for example, to use a transport means with a
suflicient or a higher residual energy to charge a transport
means that does not have a suflicient residual energy quan-
tity. Similarly, an energy exchange with the load, preferably
with the vehicle to be transported, 1s possible. Obviously, in
any case, 1t 1s also possible to charge in the reverse direction.

Another preferred embodiment of the invention provides
that a time of arrival of the selected transport means at the
transport starting location or locations 1s calculated an
displayed. After the arrival of the transport means request at
the central control unit, the time of arrival 1s supplied here
as information, and, for example, displayed to the operator
or transmitted to the operator or to the assistance device.
Additionally, 1t can be provided that the current location of
the transport means that are included in the subset of
transport means 1s displayed or transmitted to the operator
and/or 1indicated or transmitted to the assistance device.

In the scope of another embodiment of the mnvention, 1t 1s
provided that, prior to the conveyance of the selected
transport means to the transport starting location or loca-
tions, a confirmation request 1s carried out, wherein, when a
confirmation follows the confirmation request, the transport
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means are conveyed to the transport starting location or
locations and, otherwise, the subset of transport means is
cancelled. Initially, therefore, the number of transport means
1s determined and the subset of transport means 1s
assembled.

Subsequently, data relating to the number of transport
means and/or to the subset of transport means are supplied
by the central control unit; for example, the data are dis-
played to the operator or transmitted to the operator. These
data can comprise, for example, the time of arrival of the
selected transport means, the costs for carrying out the
transport, or similar information. Preferably, the confirma-
tion request 1s carried out in this context, and has to be
confirmed at the central control unait.

If this confirmation occurs, then the transport means are
conveyed to the transport starting location or locations. If,
otherwise, the confirmation does not occur or if an active
cancellation 1s made at the central control unit, then the
conveyance of the transport means to the transport starting
location or locations 1s terminated or not even commenced
and, 1n addition, the subset of transport means 1s cancelled,
namely, preferably in the central control unit or in the
memory unit thereof.

In the scope of another embodiment of the invention, 1t 1s
provided that the transport means included 1n the subset of
transport means jointly pick up and/or raise the load. In
particular, this 1s the case when the transport means are
conveyed to the same transport starting location, that 1s, the
load to be picked up 1s present 1n full at the transport starting
location or at least the part of the load that 1s to be picked
up 1s present there. Depending on the load, it may be
necessary to use a plurality of transport means in order to be
able to transport the load. The load 1s therefore jointly picked
up by a plurality of transport means. In this case, 1t can be
provided that the load 1s picked up jointly by the plurality of
transport means in order to subsequently transport 1t.

Another embodiment of the mmvention provides that, at
least during the transport, the transport means that jointly
pick up and/or raise the load autonomously keep constant a
distance lying between them or are coupled to one another,
in particular mechanically, magnetically, and/or pneumati-
cally. In this way, 1t 1s provided that the transport means not
only jointly pick up or raise the load, but, in addition, also
jointly carry out the transport of the load from the transport
starting location to the transport destination location.

During the transport, the transport means shall keep the
distance lying between them constant, wheremn they are
preferably spaced apart from one another, that is, are not
directly connected to one another. In this case, a connection
between the transport means 1s exclusively provided via the
load and/or the undersurface on which the transport means
move. In order to keep the distance constant, the transport
means or at least one of the transport means 1s/are furnished
with corresponding devices, such as, for example, with at
least one distance sensor, or—advantageously—with a plu-
rality of distance sensors, which preferably have, at least in
part, different alignments. The distance sensor or each of the
distance sensors can be designed, for example, as an optical
or acoustic distance sensor. Preferably, the transport means
has distance sensors of different kind, which, in addition, are
aligned 1dentically—that 1s, for example, an optical distance
sensor and an acoustic distance sensor.

Additionally or alternatively, 1t can be provided that,
during the transport, the transport means are coupled to one
another. In this way, 1t 1s thus provided that, after the
transport starting location has been reached and prior to
picking up the load or, alternatively, after picking up the
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load, but prior to carrying out the transport, the transport
means serving for transport of the load are coupled to one
another. This coupling 1s preferably cancelled once again
alter the transport destination location has been reached and,
in particular, after the load has been deposited, for example,
together with the cancellation of the subset of transport
means. The coupling of the transport means can, for
example, be carried out mechanically, magnetically, and/or
pneumatically, for which purpose the transport means have
corresponding devices.

Regardless of whether or not the transport means are
coupled to one another and whether the distance between
them 1s maintained autonomously, 1t can be provided that the
transport means present in the subset of transport means
move 1n a specific, fixed formation. The latter can be
determined before the load 1s picked up and, 1n particular, as
a function of the load or on the kind of load.

Another preferred embodiment of the invention provides
that, for a joint transport of the load by means of a plurality
of transport means, the transport means included in the
subset of transport means are divided into at least one master
transport means and at least one slave transport means. In
this case, the master transport means takes over at least some
functions of the slave transport means, which the latter, for
this purpose, hands over to the master transport means. For
example, the master transport means takes over the sole
communication with the central control unit and further
conveys 1nstructions of the central control unit to the slave
transport means.

In other words, it 1s provided that the subset of transport
means or the transport means included 1n 1t 1s/are controlled,
at least 1n part and preferably completely, by the at least one
master transport means. For this purpose, the master trans-
port means 1ssues corresponding instructions to the slave
transport means, which implements these imstructions. No
such 1nstructions are transmitted in the other direction.
However, the slave transport means can transmit status
reports on its operating state and/or an environment moni-
toring, for example, to the master transport means. In this
case, the environment monitoring 1s hereby preferably car-
ried out by means of the already mentioned environment
recognition device.

Particularly preferred, it 1s provided that the master trans-
port means 1tsell establishes a route to be traveled, or
receives a route to be traveled that 1s transmitted from the
central control unit. The master transport means further
conveys the route to the slave transport means, so that said
slave transport means can travel the route independently.
Alternatively, 1t can obviously be provided that the master
transport means takes on the actuation of a drive device
and/or of a steering device of the at least one slave transport
means and thus essentially remotely controls it.

Another preferred embodiment of the invention provides
that the transport means included 1n the total set of transport
means are to be designed or are designed 1dentically to one
another, or, designed at least in part different from one
another. In this way, 1t can be provided that the transport
means altogether are identical or have the same basic
structure. This basic structure can be adapted 1n a specific
way to the load. However, it can also be provided that the
basic structure can be adapted to diflerent kind of loads by
means of an additional transport means attachment or the
equivalent. For example, for this purpose, the basic structure
can be supplemented by a transport means attachment that 1s
adapted to the load or can be coupled to 1it.

However, 1t can also be provided a priori that the transport
means are designed differently from one another and have




US 12,307,539 B2

9

different basic superstructures, which are connected to them
firmly or permanently. In this way, the total set of transport
means 1ncludes, for example, transport means that are
adapted to the transport of a first load as well as transport
means that are adapted to the transport of a second load that
differs from the first load. The two loads, that 1s, the first load
and the second load, are thereby of different types or
different kinds. For example, as the first load, living beings,
in particular persons, are used, and, as the second load, a
transported cargo 1s used.

An enhancement of the invention provides that, prior to
conveyance to the corresponding transport starting location,
at least one of the transport means 1s furnished with a
transport means attachment. The transport means attachment
serves for the transporting or the picking up of the load. For
example, for the transporting of the load, said load 1s
arranged completely 1n the transport means attachment. A
transport means attachment of this kind can be, for example,
a transport compartment, a container, or a tank. The trans-
port means attachment 1s connected to the above-described
basic structure of the one ore more transport means and, in
particular, 1s placed upon the basic structure of the one ore
more transport means. It can be provided that the transport
means attachment 1s connected to exactly one of the trans-
port means or to a plurality of the transport means.

In the scope of a preferred embodiment of the mnvention,
it can be provided that the transport means attachment 1s
coupled to a plurality of transport means. In this way, the
transport means attachment, which serves for the transport
of the load, 1s transported itself by a plurality of transport
means. For this purpose, the plurality of transport means
jointly pick up or raise the transport means attachment. In
this case, the load may already be arranged in the transport
means attachment prior to being picking up or raised, or 1t
may be arranged first afterward, that 1s, prior to carrying out
the transport.

Another embodiment of the invention provides that the
transport means attachment 1s selected from a large number
of different transport means attachments. The transport
system therefore does not have only a single kind of trans-
port means attachment, that 1s, does not have only 1dentical
transport means attachments. Instead, the transport means
attachments that are associated with the transport system
have different designs, at least in part, and are adapted to the
transport of different loads or different types of loads. For
example, a part of the transport means attachments are
adapted for the transport of transported cargos, and another
part are adapted for the transport of living beings, in
particular of persons.

Another preferred embodiment of the invention provides
that, as a transport means attachment, a transport compart-
ment or a motor vehicle mount 1s used. Reference to the use
of a transport compartment—ior example, the passenger
compartment—has already been made above. The transport
compartment serves, 1 particular, for accommodating the
person or persons to be transported.

Alternatively, the motor vehicle mount can also be used as
a transport means attachment. The motor vehicle mount
serves for holding or taking up a motor vehicle that 1s to be
transported. The motor vehicle mount can be formed 1n one
piece and subsequently picked up or raised by a plurality of
transport means. However, it can also be provided that each
transport means uses a separate motor vehicle mount, so that
the transport means are arranged at the motor vehicle spaced
apart from one another.

For example, each wheel of the motor vehicle 1s associ-
ated with a transport means. Accordingly, by the raising of
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its wheels and, 1n particular, by simultaneous raising or
successively occurring raising, the motor vehicle 1s raised by

the transport means and can subsequently be transported. In
this way, for a typical passenger automobile, four transport
means are necessary for the transport of the motor vehicle.

Finally, 1n the scope of another embodiment of the mnven-
tion, 1t can be provided that, after the transport, the transport
means included in the subset of transport means are relo-
cated separately and independently of one another to at least
one transport starting location. After the transport starting
location or locations has/have been reached by the transport
means, the subset of transport means 1s cancelled and the
transport means thus far included in the subset of transport
means are 1dentified once again as being available. Accord-
ingly, they can be employed once again for the transport of
a load. For this purpose, they can be conveyed separately
and independently of one another to the at least one addi-
tional transport starting location.

For example, the transport means thus far included 1n the
subset of transport means are relocated to diflerent transport
starting locations. However, it can also be provided that they
are conveyed to the same transport starting location sepa-
rately and independently of one another, wherein the trans-
port means thus far included 1n the subset of transport means
are a part of a newly constituted subset of transport means.

The mvention obviously also relates to a transport system,
in particular, for implementing the method 1n accordance
with the preceding embodiments, wheremn the transport
system has a large number of transport means, which are
assembled 1nto a total set of transport means that can move
independently of one another, and are, 1n particular, emis-
sion-iree, and, when there 1s a transport means request at a
central control unit, the system 1s designed, for determining
from this transport means request, depending on the load to
be transported, a number of transport means number that 1s
suflicient for carrying out the transport as well as one
associated transport starting location or a plurality of asso-
ciated transport starting locations and for selecting from the
total set of transport means a number of transport means that
corresponds to this determined transport means number, for
assigning them to a subset of transport means, and for
autonomously conveying them to the transport starting loca-
tion or locations, wherein, after the transport starting loca-
tion or locations has/have been reached, the transport of the
load to one transport destination location or to a plurality of
transport destination locations 1s carried out and, aiter the
transport destination location or locations has/have been
reached by the transport means, the subset of transport
means 15 cancelled.

Reterence to the advantages of an approach of this kind or
of an embodiment of the transport system of this kind has
already been made. Both the transport system and the
method for its operation can be further developed 1n accor-
dance with the preceding statements, so that reference to
said statements 1s made 1n this regard.

BRIEF DESCRIPTION OF THE DRAWING

The mmvention will be explained 1n detail below on the
basis of the exemplary embodiments 1llustrated 1n the draw-
ing, without any limitation of the invention thereby ensuing.

FIG. 1 1s a flow chart of a method for operating a transport
system.

FI1G. 1 shows, 1n schematic form, a flow chart of a method
for operating a transport system, which has a large number
of transport means assembled into a total set of transport
means. These transport means can move independently of
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one another and, especially preferably, are emission-iree. In
this case, they are, for example, electric motor vehicles or
the equivalent.

In a first step 1, a transport means request arrives at a
central control unit, for example, by way of an operator or
a customer or, alternatively, by way of an assistance device.
By means of the transport means request, it 1s possible, for
example, to transmit data relating to the load to be trans-
ported as well as a transport starting location and a transport
destination location. The load 1s present, for example, 1n the
form of a motor vehicle. Accordingly, the data can comprise,
for example, vehicle data of the motor vehicle, such as, for
example, the type of motor vehicle.

From the type of motor vehicle, the central control unit
determines key data, such as the allowed total weight, the
maximum axle load, and/or the dimensions of the motor
vehicle, by use of, for example, a database. It can also be
provided that the data are transmitted by an assistance
device of the motor vehicle 1tself. In this case, the operator
merely actuates the assistance device of the motor vehicle,
which, 1n turn, transmits the transport means request to the
central control unit.

In a step 2, the central control unit acquires data on
available transport means, which are assembled 1nto the total
set of transport means. Specific data of the individual
transport means are checked here, such as, for example, the
current location, the quantity of energy needed for reaching
the transport starting location and the transport destination
location, and the residual quantity of energy remaining to the
transport means. Additionally, 1t can be determined whether,
alter the transport has been carried out, the residual energy
quantity would be suflicient for reaching a maintenance
device and/or charging device for the transport means.

Transport means that are already 1n use, that 1s, in
particular, transport means identified as not being available,
can be employed 1n the case that, at a specific point in time,
they are located in the vicinity of the transport starting
location and meet the further requirements. The specific
point 1n time 1s thereby, 1n particular, the time of arrival of
the other transport means at their respective transport start-
ing locations.

In a step 3, the central control unit establishes the number
of transport means suilicient for carrying out the transport as
a Tunction of the load that 1s to be transported, and assembles
a subset of transport means that contains a number of
transport means corresponding to this determined transport
means number. Subsequently, the transport means assigned
to the subset of transport means are autonomously conveyed
to the transport starting location or the conveyance 1s at least
begun.

Subsequently, 1n a step 4, a confirmation request 1s made,
wherein, when the confirmation request 1s followed by a
confirmation, the transport means are actually conveyed to
the transport starting location. If the confirmation 1s absent
or 1f an active cancellation occurs, then the subset of
transport means 1s once again cancelled and the transport
means 1ncluded 1n it are conveyed to other uses.

The actual conveyance of the transport means 1included in
the subset of transport means 1s undertaken in a step 3. This
means that, 1n the scope of the step 5, the transport means
actually reach the transport starting location.

In a step 6, after the transport starting location has been
reached by the transport means, the load, that is, for
example, the motor vehicle, 1s picked up and a static
assembly 1s formed from the individual transport means.
This assembly and the distances existing between the trans-
port means of the assembly are adjusted, for example, by a
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direct communication of the transport means with one
another and, in particular, controlled and/or regulated.
In a step 7, the transport means are used for transporting
the load to the transport destination location. Here, they
move within the static or closed assembly, the dimensions of
which are calculated individually on the basis of the sepa-
rating distances of the transport means within the assembly,
the dimensions of the load, and the dimensions of the
transport means. These dimensions can be employed as
input values for a navigation or route guidance of the
transport means. Especially preferred, the transport means
are equipped with a communication device for communica-
tion with the motor vehicle that 1s to be transported. For
example, 1n this case, the transport means actuate a signal
system of the motor vehicle, such as, for example, a system
indicating the direction of travel and/or a braking indicator
system. For this purpose, a connection, such as, for example,
a wired or wireless connection, can be established.
In a step 8, the transport means arrive together with the
load at the transport destination location. Subsequently, the
load 1s unloaded and the subset of transport means 1is
cancelled. The unloading occurs preferably only once a
transport confirmation 1s recerved at the central control unat,
which, for example, 1s triggered or 1s to be triggered by the
operator. Obviously, 1t can also be provided that the step 8
1s already triggered early on, that is, before the transport
destination location has been reached, in particular in that
the operator and/or the assistance device terminate or ter-
minates the transport prematurely. In this case, the transport
1s already terminated before the transport destination loca-
tion has been reached and the load has been unloaded from
the transport means.
The described method for describing the transport system
can be utilized 1n an extremely flexible manner. In addition,
the transport system can be put together 1n a very modular
manner and can be composed of identical or different
transport means.
The mmvention claimed 1s:
1. A method for operating a transport system for trans-
porting a passenger motor vehicle, the method comprising;:
assembling, based upon a received transport means
request, a plurality of transport means into a total set of
transport means, wherein each transport means of the
plurality of transport means 1s an electric motor vehicle
configured to move independently of one another and a
subset of transport means of the total set of transport
means 1s configured to transport the passenger motor
vehicle;
determining a number of transport means of the total set
of transport means suilicient for carrying out the trans-
port means request depending on a type, a volume, or
a weight of the passenger motor vehicle to be trans-
ported and one or more transport starting locations;

selecting from the total set of transport means, the subset
of transport means corresponding to the determined
transport means number, wherein, selecting each trans-
port means for the subset of transport means includes:

comparing a quantity of energy needed for reaching one
or more transport destination locations with a remain-
ing residual quantity of energy of the respective trans-
port means of the subset of transport means to deter-
mine whether each transport means ol the subset of
transport means has a suflicient residual quantity of
energy;

exchanging energy from a transport means of the subset

of transport means with the suflicient residual quantity
of energy to charge a transport means of the subset of
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transport means that does not have the suflicient
residual quantity of energy;

cvaluating a suitability of each transport means of the
subset of transport means including determining a
distance of the one or more transport destination loca-
tions from a charging device for the respective trans-
port means, wherein respective transport means are
only assigned to the subset of transport means when the
quantity of energy needed for reaching the one or more
transport destination locations 1s less than the remain-
ing residual quantity of energy of the respective trans-
port means;

and 1dentifying an availability of each transport means of
the subset of transport means, wherein each transport
means 1s available after the transport means 1s not
assigned to a pre-existing subset of transport means;

calculating and displaying a time of arrival of the subset
of transport means at the one or more transport starting
locations based on a time of arrival of each transport
means of the subset of transport means;

autonomously conveying the subset of transport means to
the one or more transport starting locations;

after the one or more transport starting locations are
reached, transporting the passenger motor vehicle, by
the subset of transport means, to one or more transport
destination locations; and

after the one or more transport destination locations have
been reached by the subset of transport means, cancel-
ing the subset of transport means.
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2. The method according to claim 1, wherein the subset of 3Y

transport means jointly pick up and raise the passenger
motor vehicle.

3. The method according to claim 2, wherein, at least
during the transport, the subset of transport means jointly
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pick up and raise the passenger motor vehicle autonomously
and keep a constant distance between them.

4. The method of claim 1, wherein suitability of the subset
of transport means 1s evaluated based on a type of the
passenger motor vehicle.

5. The method of claim 4, wherein the type of the
passenger motor vehicle 1s used to determine at least one of
an allowed total weight, a maximum axle load, and dimen-
sions of the passenger motor vehicle.

6. The method according to claim 1, wherein the transport
means request specifies the passenger motor vehicle to be
transported, the one or more transport starting locations, and
the one or more transport destination locations.

7. The method according to claim 1, wherein, prior to the
conveyance of the subset of transport means to the one or
more transport starting locations, a confirmation request 1s
carried out, wherein, when a confirmation follows the con-
firmation request, the subset of the transport means 1is
conveyed to the one or more transport starting locations and,
otherwise, the subset of transport means 1s canceled.

8. The method according to claim 1, wherein, after the
transport, the subset of transport means 1s relocated sepa-
rately and independently of one another to at least one
further transport starting location.

9. The method of claim 1, wherein each wheel of the
passenger motor vehicle 1s associated with a different trans-
port means of the subset of transport means.

10. The method of claim 2, wherein, after jointly picking
up and raising the passenger motor vehicle, the subset of
transport means forms a static assembly.

11. The method of claim 1, wherein each transport means
1s configured to perform an energy exchange with the
passenger motor vehicle.
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